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NSSXXS^ PRELIMINARY 
EXAMINA TION REPORT 

" international application No 

I- Basis of the report 

Description, Pages 

2-4, 12. 14-25, 27. 29-36, 38 -51 as originally filed 

1. 5-11, 13, 26. 28. 37. 52 received on O6.02.20O4 with ,e«er of 06.02.2004 

Claims, Numbers 

received on 06.02.2004 with tetter of 06.02.2004 

Drawings, Sheets 

m ' 7fT as originally filed 

° fc'a^-aSSr 10 " ,Um ' Shed '°' *" «""P— - '"ternatlona. penary examination (under 

3 - ^^^^ application, the 

□ contained in the International application in written form 

P «led together with the international app.icat.on in computer readable form. 
U fum.shed subsequently to this Authority in written form 

□ furnished subsequent* to this Authority in computer readable form 

Mn^ .is«ng does not go beyond the disciosure 

D computer readable form Is identical to the written sequence 

4. The amendments have resulted In the cancellation of: 

□ the description. pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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tnte ^tional application No. PQT/US 0aQO7gfl 



see separate sheet 
6, Additional observations, if necessary: 
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□ 
□ 
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the entire international application, 
claims Nos. 20-63 
because: 

is ssfisaaassssss^stt sag- - *■ •—»• «*« «, «,*„ „„, 
sasstsr eb,ms nm - - « »— »-* -«-« * *. that „„ ^ ^ 

□ ft. co^ft,, readal>le fom , ^ M , umfeheao , <toe8 m mmpiy ^ m> SBnda(d 

V. Reasoned statement under Article ^*a>\ «^ 

citations and ^l-i^i^lg^SaS ™*>' St ° P ° r fndUstrfal -PPB-bBhy; 

1- Statement 

Novelty (N) 



inventive step (IS) 
Industrial applicability (IA) 

2. Citations and explanations 



Yes: Claims 
No: Claims 

Yes: Claims. 
No: Claims 

Yes: Claims 
No: Claims 



1-19 

19 
1-17 

1-19 
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see separate sheet 
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INTERNATIONAL PRELIMINARY • . 

EXAMINATION REPORT - SEPARATE aH £f nM '*# B ^ No. PCT/US02/30729 

Reference is made to the following documents: 

D1 US-A-5043491 

D2 US-A-5068472 

D3 EP-A-539989 

04 US-A-6018083 

D5 US-A-5057634 



III. 



Non establishment of opinion 



~::,r*r an Bxamina " on on subie ~ r ~ » 

tolt'o °' ■"*, ° f Uni,y haS been rafeed * ,he W"Wt)onrt Search Authority 
together ww, , en .nation to pay addifiona! search fees. These search feesTav7 
not been pa,d and therefore the search napert has been established 0 n.~or tne 

alZlT m A ; 3 C ° nSe " Uen - «* <"° «* invention ,s subject of J»J" 
national preliminary examination. 

The amended claims 1-63 do not overcome the objection of lack of unity The first 
invention ,s reflected in Cairns 1-19. Thus, only the subject-matter of c.ll 1 " 
has been examined. Amended claim 20 is not a dependent claim, contZ J Z 

SIT r 9 ^' 0 " 8 SUbm?tted wfth de ^dent claims. It was a so nil 
included ,n the searched subject-matter of the first invention. 

2. The amendments 

(a) "different from the first temperature" and 

(b) "C-3 reactant comprising ona fl f m i? r B » 

have been considered to go beyond the disclosure as filed (rule 70.2 (c) PCT) 

2^ZTTT eUmlnaTy eXaminati ° n aUth ° ri * COuld not find a bas s in *e 
appp ication for the amendment (a). At various places ,n the application it is 
mentioned that the second temperature is higher than the first (see "r e amp.es 
descripfon page 8, lines 27-28, page 11, lines 9-10 and 15). However the 
express^ different from the first temperature" also includes the pis ibHrty that 
the second temperature Is lower than the first P°ss.o..iiy ;nat 

With regard to the definition of the C-3 reactant, a basis for a "C-3 reactant 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT . SEp ARATE shfSt appn . cation N °- PCT/US02/30729 



SZSf :° U,d ^ f ° Und 10 the -PP*^ as filed. 

«>-:::^ 

means that it can contain other cotpounas « ^ ^ ^ ""^ 
Consequently, the present report has been stablished « ;« * 

peZoolt^ k men * (t " ,h9 0r,9 ' nal Su <* orted '+*»>" <" -non 

perhalogenated hydrocarbons having three carbon atoms- as been considered 

temperature reaction conditions' on page 1 1 line ■* Z v.. k _, 

of -were prepared- on page 13. ,^25 *" P ' ePared " ' n8,ead 



V. Reasoned statement under Art ppt «,i*u - 

step and Industrie. appHc'b^ re9ard *° ^ ,BV ""» 

Novelty 

o D h3.ul D l W n h „T ^ I' C0 " SWered 98 ' he most P*» discloses the 
halogenated C-3 hydrocarbons with CI, and HF in the presence of a metal catalyst 

be£en San " !T a***"**" * • »°cnd .amperature 

uwiween juo and 500°C to produce CF mere u«.. ~, 

w%,uoe ^njUUFCFg. However, CFC-216aa is also 
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INTERNATIONAL PRELIMINARY r » . 

EXAMINATION REPORT - SEPARATE SHFPT^' 0 " 6 ' appl,ca,ion No - 

produced and in rather high amounts especially at arounrf * tem 
(see D1 , steps W and (b) . ^ 3> n^s ? * ^ 

iine 6, fig.). D1 also exp.icitiy disc.oses the use o SZ££^°^ ? 
catalyst in combination with a temperature of 450°C * ^ 

For the mere formal reason that the combination of a chromium cataW 
temperatures below 450*0 is not explicitly mentioned , • 

1 and the dependent claims M . appear to meet the re^e^ 



Inventive step 



u^irl.^ 9 " ' hB PrMen,ly olaimed "«•«• are '"e tew amount of 

shows the formation of low amounts of CF S CF,CF„ see D1 , fig. 

The problem to be solved by the present Invention is considered as orovidi™ .„ 
alternative ohlorofluorinating process. "sioered as providing an 

The problem has been solved by the Calmed process (see application). 

^nZVTT" ? " SS °" Chr0rnJUm al a •"»■—». below 

450 C ,n the f,« chlorofluorlnation step may render the subject-matter of claim V 

oTlT *" m «*"'•«•"*•. contrary to ha app can a 

observe, on. Dt already discloses a two step chlorefluorfnafion process The 

emoT , r * *" reaC,i ° n ^ ^ «* *• daLd 

temperature (,n most examples it is also below 4S0«C) and metal ca.alys.sT 

CuTT T 00nS ' dered SU ' ,ab ' 9 in ,he -*«««*-*n P^ of D1 
The use of a chrom,um catalys. at a temperature below 450-0 Is thus not 

centered to be Imventive. Furthermore. Df discloses in exampte 13 "he use of e 
chromium catalyst a, a famperature ^145032. whloh was orig|1 J ~,™ £ 
scope of claims. All vartants covered by a claim are Initially regarded as 

presently claimed process as equivalent to that of the prior art. The claimed 
process is thus not Inventive (Art. 33(3) PCT). claimed 

Furthermore, the subjeC-matter of claim 2 and 3 is no. considered as involving an 
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INTERNATIONAL PRELIMINARY i„. „ , 

EXAMINATION REPORT - SEPARATE SHE^T aP PKCati ° n ^ OT/USOOSaT* 
inventive step (Art. 33(3) PCT) for the following reasons 

l„l 1 -3 h«Pta«uoropropane (CFC-217ba) as well as the reaction of CFC- 

DV T^ *, "T 2763 We " ^ reaCtio " S ,n *• P*r art (see £or 
D3). The subject-matter of claims 2 and 3 are therefore merely an association of 
known steps funtion.ng In the their norma, way and not pnJ^^^L 
working .nterrelationship. No inventive skills are necessary. 

Dependent claims 5-1 7 do not contain any features which, in combination with the 
features of any Calm to which th ey refer, meet the requirements of the PCT J 
respect of novelty and/or inventive step, the reasons being as follows: These 
features are known in the prior art (see D 1 -D3). 

The subject-matter of claim 4 is not considered to be inventive. It appears that the 
da limed Mil* is only achieved at a certain level of water in the hydrode- 
halogenation reaction (see application pages 40-42 and fig. 7). 

S;-* of the dependent c,aim 19 appears to satis,y the requ ™ 

Industrial applicability 

'SZZZZZT wi,h ra9ani to * e ,ndU8 " ,al - th ° 
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WO 03/0291 73 fc^aeV.f" 

PCT7USQ2^0739 

MATERIALS AND METHODS FOR THE PRODUCTION AND PURIFICATION 
s CHLOROFLUOROCARBONS AND HYDROFLUOROCARBONS 

FIELD OF INVENTION 
The present invention is directed to production methods, as well as. syntheac md 
separation methods. More particularly, the present invention is directed to methods for ' • 
manufacturing selective isomers of dtiomfluorocarbons and hydrofluorocarbons from - 
10 aUphaticolefinic or partially halogenated hydrocarbons. 

BACKGROUND OF THE INVENTION 
Since the beginning of global warming concerns, cblorofluorocarbon 
manufacturers have had to produce compounds that perform substantially the same as fully 
halogenated chlorofluorocarbons without the adverse environmental impact. Only through 
the introduction of these new compounds have their environmental impact been 
completely understood. In certain instances, some of these new compounds have been 
removed from the marketplace. These types of issues make the flooding agent, 
e*ting«isbant propelJant and refrigerant production industry a dynamic and everting 
marketplace where processes for the production of chlorofluorocarbons and fluorocarbbns 
are advancing quickly to accommodate both environmental as well as economical 
requirements. 



15 



20 



25 



30 



Some useful compounds in this area include both saturated and unsaturated 
fluorocarbons. such as lJ.U^S^heptafluoropropane (CFa-CFH-CP,, HFC-227ea) 
U,l,2 > 2 ( 3,3-he P ,afluoropmpane (CF 3 -CF,-CHF 2 , HFC-227ca) and hexafluoropropane 
(hexafluoropropylene. HFP. CF 3 -CF=CF J . FC-12I6). One well known method of 
synthesizing these compounds begins with the defluorination of propane, propylene or 
pamally halogenated C-3 hydrocarbons with hydrogen fluoride (HF) and chlorine (C W fa ' 
the presence of a metal^ontaJmng solid catalyst Examples of this chlorofluorination step 
can be found in U.S. Patent, 5,057,634 and5.043,491 to Webster. As taught by Webster 
che chlorofluorination step produces a number of saturated perhalogenated 
Chlorofluorocarbons. including: (A) C 5 CI,F 3 ; (B) C 3 CUP 4 ; (Q C 3 C1,F S ; (D) • 
1.2-d.chIorohexafluoropropane CCF 3 -CClF-CCIF a , CFC2l6ba); (E) 2.2- 
dichlorohexafluoropropane (CF3-CCI2-CF3, CFC-2l6aa); (F) 1- 
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Still anotherproeess forseoOT , og haloeena|io „ reaclion preiMi js provi(fcd 
wherein the reaction products are combined with water and cooled to a sufficient 
tempo™* to form a {as pha S e and top and bottom Kouid phases. According „ one 
^^"^^aaphasecon^^pd^Wchiorofl^^oon^u^havin.,, 

bottom h^,, phase contains C,3 chlcrofluorinated compounds having i.„ than si, 
fluorine atoms. 

An additional process aeeotdtng to this (nvendon provide, for strath,, C -3 
ohioroflttorinnred compound. ^Hkm*-***.***. o-^Mb*** 
*m mventton include, the adjust™,,, of a haioeeaadon reaction product w . 

andbottomhqtudph.ses.wherein.haoppcra^ph^containsprinttni.yHa then*, 
bqutd phase contains HF end the bocton. liouid phase contains essentially aoid-fre. c 3 ' 
chlorofluorinated compounds. 
16 In stlil soothe, pmces, of the present invention method, ere provided for 

synd^U^yiocre^n^isomericpurttyofan*.^. According „ one ernfcddhnenr 
an « mixture of C-3 crdorofluotir^d compound isomer, i, beared in th . 

-^^perercreuaincress. ^isomeric punty. b amorespeofflc 
ombodsment. the C-3 cbjomfluonuated compound isomers am CFC 2 17ba end CFC 
£\J 21/ca. 

• m sdll aaorher embodimen, of th. pre, M fa^,^ , fmx „ „ ^ ■ 
so eooveiy halogen,^ isoraOT witM „ „ ^ ^ fc _ 

the ,somene m Wtani is exposed „ CI, in the pmsmce of a oaulys, « a sufficient 
.cmper.ure^o^na^^onci^. rWemb,y meisomenc nnxrure includes 
25 the isomers HFC-227ea and HFC-227ca. 

Th. above and other embody, alternatives and advantages of the 

present invenuon taken in conjunction with the dtawings. 
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DESCRIPTION OF THE FIGURES 
Hg«m> I i* a schematic notation of on c embodiment of the ™ em 

^ 2 iS a ^ caJ —lo- * the isotherms observed LJj 
processes of the present invention; ■ 

Figure* i5 a block diagram of an embodiment of the present invention 
Figure 5 is a bloc* diagram of an embodiment of the preset invention. 
Figure 6 is a block diagram of an embodiment of the prescm invention 

10 v , 7 15 3 rc P resentaiion ° f ^talyst life observed according to an 

10 embodiment of the present invention. S 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to Fig. 1 . in one embodiment this invention provides processes ft> 
the production of chlorofluoropropanes and fluoropropanes from aliphatic, olefin* J 
partially halogenated hydrocarbons having at least three carbon atoms. Other ' 
5 embodiments of this invention provide specific processes for hydrodehaiogenadon MwrtI 
isomer and reaction product purification. Selected embodiments of this invention will 
be described in turn beginning with the broad chemical process steps USe d to produce 
selected chlorofluorocarbons and fluordcarbons. 

In parLthis invention stems from the discovery that the majority of the isomer in ' 
the final chlorofluorocarbon or hydmfluorocarbon product originates as an undesired 
Isomer which forms in the initial reactions. This isomer and its downstream counterparts 
are passed to subsequent reactions undergoing the same chemical transformation as the 
desired isomeric material. Fortunately, CFC-216ba and its downstream.counterpans. have 
d,fferentreacn 0 np^ 

CFC-2l7ca andHFC^ca, CFC-216ba is not a "dead end" isomer. A majority of this 
material is directly converted to the desired isomer CFC-2I7ba in subsequent steps ' 
performed in accordance with the present invention. 

P ace in ^ ear ly reactions.by me mature ^nation of the geminal C-2 carbon of 
abphaoc, ^-.orpaxuallyhalogenatedhydroca^onshaWngatleastth^ 
atom, The producucm of CFC-216bais but just one example of this type of chemistry. 

Refemng now to Kg. 2, formation of excess amounts of CFC^eba durin- 
.halogenation has been observed when the reason * lowed to exfi>thenil 

The ta* amounts of energy released during this exotherm are probably the ultimate 
<io reason for 
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WO 05/029773 ■-<•'•• ........ . _;^JS 

— —„«. m ^. 

10 .include* 1W o B „„™T " * th,preM °' tav ™*»> *» 

(0 t0 Iess *W 0.5 percent by wei»hrt th* ki l u ._, 

supper, ft ta ^ ^ ™ """ ,d - 4 f5d ""° 2 
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C H ^CH J ,^CH=C ftsild/OTC3fI , Xt+HIVC ,^ CF&2i6 J^ 1 ^ 
(X=hal0 » m; J~°- 8 . or >=0-« , z=6-y) 

suffice, ttmpcrato, lo fonn pntaloshuwi compounds ^ 

AJiphauc hydrocarbons having at i^er rt,«. A ^ «■ J r » u 

Mi ^ , «avmg at leas: three carbon atoms am known to those 

20 , mMh 4> *4 i • i_ 0se hav,n « 0rd nar y skill in the an to be 

pnsmixea before being combined wirt» rk* /.n*. • 

• nioineavwm the ehlonne gas and conveyed into a 

hydrogen fluoride reactant prior to combinin- the HWr * 

reactant or the chlonne, preferably both the C-3 reactant a ^.Ki v 
hydrogen fluoride rri^* u- ■ ^ reactant and c Wonne, may be diluted with 

° " " u °nae prior to combining the I--***. . - , 

. me ^-3 reactant with the chlorine gas. 
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In one embodiment of .the present invention the HF is anhydrous. It nas been 
determined that recycled or reagent grade HF may used. The type of HF used to perform 
this aspect of the invention is not critical and specific types and qualities will be 
recognized by those skiUed in the an. The CI, likewise is a nutter of choice to those 
> having skill in the art In one embodiment, technical or pure-grade anhydrous CI 2 is 
utilized. , 

The halogenadon of aJiphadc, olefin*, or partially haJogenated hydrocarbons 
havmg at least three carbon atoms is a highly exothermic reaction which may be controlled 
through the use of excess quand ties of hydrogen fluoride, a diluent, or an external heat 
transfermedium together or in combination, to absorb thebeat evolved and to maintain 
temperature control of the mixture. 

To reduce the impact of exotherms, preferably, a stoichiometric excess of hydrogen 
fluoride may be maintained in order to minimize decomposition of the C-3 reaWo C-l 
and C-2 by-products, and the formation of the less desired CFC-216ba. Prefer, My about 
6 to about 64 moles of HFpertnoJeof C-3 reactant may be utilized. It is prcfered'to 
provtde an excels of chlorine gas as well, preferably about 8 to about 10 moles of Ch per 
mole of C-3 reactant However, an excess of Cl 2 is not required. In aprefcrrcd 
embodiment, theratio of Cl 2 ro C-3 reacts can be about 8.2:1. The molar rat o of HF to 
Cl 2 may be from about 0.75:1 to about 8:1. Preferably, the molar ratio of HFto Cl 2 may be 
about 4:1. Moreover, in another embodiment, a diluent may be added to the rea :tion to 
decrease undesired isomer and formation of cracking materials. 

Preferably, the chlorofluorination reactor 16 used to perform this invent! ,„ may be 
. ^ntainedatareactionpressureof about Opsig to about 750 psig. preferably at out 0 
P s.g to about 750 psig and at a temperature in the range of about 150°C to about 450-C 
and preferably about 220'C. Residence time in chJorofluorination reactor 16 may be in'the 
range of about 0.5 seconds to about 30 seconds a*d preferably about 5 to about 1 0 seconds 
An exemplary reaction mixture exiting Step I shown in Fig. 3 is rich in C 3 CUF. t „d 
CC1 3 F, but may also contain CFC-216aa and many other under fluorinated compounds 
in an exempt aspect, teacticn products of this first step are conveyed directly to Step ri 
as shown in Fig. 4. However, it is recognized that the reaction products of Step I, as ' 
shown ,n Fig. 3. may be fcnher purified or supplemented prior to continuing on to Step H. 
A mam goal in Step U can be the selective fluorination of under-fluorinated compounds to 
. the desired isomer CFC-216aa. 
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In the illustrated embodiment, the second seep in this process may replace all of the 
termmal chlorine subsets with fluorine to produce CFC216aa. According to one 
aspect of the present invention, this is accomplished through the use of one oLore of hl-h 
temperature reaction conditions, excess HF, and a metal containing catalyst 

As shown in Kg. 4, the Step I reacdon stream is directly feu into a sweater 24 
Opt 1 ma] Iy ,thisst re a m isthenfedtoSte P nre UC tor26. Again, as before in S, col careful 
temperature regulation can be used to control the reaction. 

The second reaction can tafce place either in the same reactor as exemplary Step I 
or, preferably, in a second reactor. The second reaction can be carried out at I higher 
temperature than the first reaction with a stoichiomeuic excess of hydrogen flhoride 
According to one embodiment, a stoichiometric excess of chlorine can be use! to ensure 
chlorofluorination of the first reacdon products. 

Reactor 26 can be a fixed-bed rcacior having ft me£aJ containing catalyL 
stained at a reaction pressure of about 0 psig to about 750 psig and preferably about ' 
100 p»g. W d at a temperature higher than the temperature required in exemplly Step J. 
Step n may occur at a temperature ranging from about 300°C to about 5S0'C Ld 
preferably at about 470-C. It is preferred that the molar ratio of reactants in StU * shcmld 
be maintained at about 6 to about 64 moles of hydrogen fluoride per mole of | 
perhalogenated compounds. As in Step I, the source and quality of anhydrous kF used in • 
Step n is not critical. It is to be understood by those skilled in the art that anhy irons, 
recycled and/or differing grades of HF can be used in Step U. As in Step I, a diluent may 
be added to control exotherms and increase isomeric yield. 

The metal containing catalyst used in Step I or Step Dean be any known catalyst 
useful for reacting C3 reactants or perhalogenated compounds with HF and/or Cl 2 
including those described in U.S. Patent Nos. 5, 177.273 and 5,057,634 to Websler, hereby 
mcorporeted by reference. These catalysts include catalysts consisting essentially of 
chromium; catalysts consisting essentially of chromium oxide in combination with a 
support (^refractory oxide); catalysts consisting essentially of chromium oxic e modified 
with up to about 10 percent by weig ht based upon ^ Weigft[ rf fa J 
of meta selected from the group consisting of manganese, iron. cobaJt, nickel, copper, 
zmc. other metals and mixtures thereof; and catalysts consisting essential.y of cXmium 
oxide m combination with the refractory oxide and modified with up to about 10 percent 
by weight based upon the ' 
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•under reaction condition, is considered on equivalent procedure within the sdope of*- 
invention. \ WIS 

In this and the other reaction sequences, reaction with HF includes either hi s h 
temperature vapor phase action or lower temperature reaction in the preset e of a liquid 
phase cataiyst such es SbCVHF or SbF 5; the vapor phase process is preferred 

Two metal containing catalysts that have been found to be particular), useful for 
the chloro fluorination reaction s include: 

(1) FeCJ 3 . on a support, particularly active carbon, that is dried and the! fluorinated • 
eg.. w,th HF, preferably an HF/N, fixture, with or without 0 2 , at about 200»fc to about ' 
270>C and then treated with HF, with or without O* or Cl 2 activadon. within tie range of 
about 270°C to about 320'C. It is preferred that the percent by weight of Fed, in the 
metal contain** catalyst be in the range of about 2% to about 36% by weight bn a catalyst 
support, which is preferably activated carbon, preferably at about 5% to about bo% by 
weight FeCl 3 . It is useful to fluorinate the metal containing catalyst for a period of at least 
about 2 hours, preferably about 2 * about 16 hours, more preferably about 8 hours, 
gradually increasing the temperature within the rage of from about200'C to at least the 
chlorofluorinaUon reaction temperature, e.g., up to about 320°C; and 

<2> CrCl 3 , particularly chmmium chloride hexahydrate (Crd 3 • 6H 2 0) L a 
•support, particularly active carbon, that is dried and then fluorinated, e.g.. with ,ydrogon 
fluoride gas (HF), in the same manner as fluorination of the Fed, catalyst with or without 
O2 or Cl 2 activation. 

Non-limiting examples 1,2 and 3 demonstrate the preparation of catalyse suited 
for the present invention and non-limiting example 4 demonstrates ihe activatiol of ■ ' 
catalyst suited for this invention. 

Generally all fluorination catalyst can be prepared by mixing appropriati amounts 
o the selected metal salt and support (if necessary) in DI Water. This mixture n ay be 
allowed to stand for approximately 0.5 hour and the excess water can be filtered ,ff by 
vacuum filtration. The resulting solid may then be dried overnight in a gravity oven at 
115 C and then charged to the reaction tubes where itcan be further dried at 150 "C with a 
inert gas purge and then activated with HF before the reaction feeds are started 
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As this cample demonstrates me organic phase, once separated accord! ,g to an 
embodiment of the present invention, is essentially adduce. This allows for 1 
immediate isolation of speci6c chIorofluorina , on products ^ 

costly and inefficient disdUaaon. Moreover. Table 7 demonstrate, that other ha ogenated 
organs can be separated from HF, according to the present invention. These 
chJoroflcorination reaction product can be isolated according to another process of the 
present invention as herein described next. 

^ CT P^ s ^ 0 ^gto t hepre se ntinve n tioni S theseparationofth e C-3 
1= cnlorofluorinared compounds having at least si* fluorine atom, from C -3 cWoroiuorinated 
compounds having j ess than six fluorine atoms. This separation process is extremely 
useful in order to maintain the compound purity of chlorofluorinated compounds 7ought to 
be produced, 

20 hi „ ACCOrd,0S * ° nft *"*>*«™* of the present process, a solution comprising C-3 
chlorinated compounds having at least six fluorine atoms and C-3 chloroflu orinated 
impounds having less than six fluorine atoms is provided. This solution is derX ^ m tt 
reacoon product or a refined reaction product of a chIorofluorination reaction or tL phase 
separation or dilation product after a chlorinated ration. In one embodiment of 
the p^ent invention the C-3 cblorofluorinated compounds having at ieast six fludrine 

atoms comprises CFC2l6aa. However M« -~ • ... 

**. nowever. this invention is not limited to the source of this 

mixture. 
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chJorofluorinated compounds having ax least * fluorine atoms are conveved Co an 
add lt .onal reaction step to increase the number of fluorine atoms present. ' 
Example 10: Serration of Fy .ftW^ ted c Q m P m, r H r 
The containers of crude C 2 C1 2 F 6 from various production runs of Steps i a 
contained C,Cl 3 Fs and numerous other unidentified underfluorinated compound 
possible small amounts of H 2 0, KF, Cl 2 , and HC1. 

Approximately 73 kg of crude C 3 Cl 2 F tf were fed from a heated cylinder to a 57 liter 
Haiar lined scrubber tank. The scrubber lank contained a level gauge and an external heat 
tracmg with a skin tenrperatur* thermocouple. Thefeediine Into the tank was Lough a 
dip tube. 

The tank was initially filled with a 5% KOH/water solution and the temperature of 
the tank was heated to 50'C. The mixture separated into three phases: an upper prirr 
gaseous phase; a top liquid, primarily aqueous. phase; and a bottom primarily orLic 
phase. The top gas phase was removed as a vapor streamed fed to a Halar* lirLd 
scrubber. The vent gas was open to a molecular sieve dryer bed which fed into a i 
collection cylinder on a scale. Upon completion of the scrubbing of the CCl^ tne 
underfluorinated organics collected from the bottom phase was approximately 9. 1 k - of 
matenal. The primary components of mis organic liquid were C 3 C1^ and C 3 cU and 
C3C1 2 F«. . 

■ Table 8. Rg^ nf S ^ ^ ffoT1 of TTnrierfluorin atnH .<^ntio n Accord . f k ^ 
Present Invention \ H,Tf 



_Separated Phase 



Vapor 



Bottom 



Constitu tents 



Essentially pure &CkF< 



-6% CQjFs and 
_-94% underfluorinated compounds 



25 



• As table 8 demonstrates, underfluorinarad compounds can be efficiently separated 
from CjCIjFfi according to the present invention. 

As shown in Fig. s, the present invention provides a third reaction step (StL HI) 
for the selective formation of C 3 C1 2 F« to CFC-217ba. The predominant reaction 
occumng in this step is as follows:C,C! 3 F« + HF -» CF 3 -CFCUCF> + HCI 

Preferably. Step HI proceeds in the gas phase with excess anhydrous HF o+er a 
metal containing catalyst. According to one embodiment of the present invention, 

Replacement sheet 28, Under Article 34 

Empfansszei; S.Feb. 0:04 
AMENDED SHFFTV 

PAGE 24732 • RCVD AT 10/21/2004 5:56:01 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/1 * DNlS:8729308 * CSID:5098383424 » DURATION (mnvss):08^8 



primarily 



chilled 
the 



:9 



QCT-21-2004 15:20 



WELLS ST JOHN PS 



5098383424 




10 



15 



WO 03/029173 

nydrodehalogenmio. reaction products include HFC227ea. A reaction of tlis 
embodiment is shown below: | 

C 3 CIF, + Hi -» HFC-227ca + HC1 

AsiightmolarexcessofH.canbeusedJfdesiraWebutisnotnecesWv Th- 
^hajog^ed organic compound molars is in the range of about 0.2:1 ta abouUO-1 
optimally about 1.2:1. oul 

42 co^'"' "T ^ 6 ' h5,:,ro,tel "' < "^'n * P"fc— * Jd bed***, 
<2cont,nre g . slllUb , 5CMlw s>Kh BHUjtaM 1 

ehmnn. or other Mails a^, in whic „ _ ^ e L^l of 

CF*C W ca, a ,y stOT ^ M acu.a crbon can be used fa wniJTasethe 

The pressure in reactor 42 should lie in the range of about 1.2 Pa to abiit 15 p, 

"9 7^pl ^ ' " ^ ^ reaCd0 " is '"S" 1 ' ieseoaMve to pressure it, le range of 
0.9 - 7.9 P., however, reaction selectivity * abgbtl, bycni b}t ]()wer m 

Residence dree in reactor 42 shouid he in the renge of about 10 seconds ,0 abol S0 
seconds, and preferably about 15 to about 60 seconds. 

^ fl =7^*Wo ! e„adone^y st cou.d te u S ed, U ,ere M racdveLly S u i 
uch as Pt M d Pd. are „cd ..^ ^ fa ^ ^ ^ 

ItT'hl: ^ Wteh ^ " «■** " - f rc^or. 

— hydrogens cauiysts such as Cu, Ni, C , Ru, PJ, „ combination. » treof. It * 
not cnttcel WhKh er the cataiysts are supported or noc However, supp^t, which are 
unreacttve ,0 heiocareon, HP. „d o*y g en at hydre^ tMnp ^ ^ ^ 
htgher such asntetai fluorides. cerbon. anddten.ure. ree, be used. 

cattuvatT*"* " * "* ° f — " « » «— • «S*di„. 

"---T*-------.*. ceteris somewhat frjswi* 

act^ydroppingolfwidrin, day, T„, ith ^ m ^^^ 

*v a small amount of water to the rearr;«„ 

'mnr-it*. «. * r Reaction stieam extended catalyst lifetime. The ac dition of " 
water allows the catalyst to perform in excess, of l5 days. T 
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As Table 21 demonstrates, the present invention can be used to even further rUce me 
content of the undesired isomer, it is contemplated that once reduced the mort 
isomericaliy pure reaction product can be recycled or further refined. 
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A process for producing CF 3 CCIiCF 3 comprising: 

pan.allv halogenatedC-3 hydrocarbons with Cl 2 end HFin the presence of a nLataiyst 
« a ta « temperature to form a C-3 p roduct comprising a C-3 pemalogenated « «npo Jd 
wherem the first catalyst comprises chromium and the first temperature is less than 4 50 'C; 

contacting the C-3 product with HFin the presence of a second c atalyst at a 
second temperature different from the first temperature to fan. .CP,ca 2 CF 3 . wLein the 
second temperature is greater than 300°C, 

HFin 1' T1,e ^' CeS$ ° f ^ 1 furthCT col "P ri ^ ^acting the C^ca 2 CF,with 
Hr in the presence of a third catalyst to form CF 3 CCIFCF 3 . 

3. The process of chum 2 further comprising contacting the CP,CCIFCF, with 
H 2 in the presence of a fourth catalyst to produce CF,CFHCP,. 

C^CCIFCF, with ^.contacting the fourth catalyst with water. J 

150* /" . ^ ProCCSS ° f ClaimS * 3 * ° r 4 ^ ** *" It from 

150 C to Jess than 450'C and the second temperature is Jess than S50"C T 

220-d h The ^ SOfCltol ' 2 ' 3 ' W4wh ^ nlheGr "^P^- is ^ 
and the second temperature is at least 470°C 

7. ™ e P™^°f^msl,2,3.or4whe^^ 
teactantw^theHF and the Cl 2 , a molar ratio of the HF to thesis from 0.75:1 to 8a 

8 ^P^ofcWm. 1,2.3. or4wh^ 
reactant with the HF and the Cl 2 , a molar ratio of the Hp io the is at least 4* 1 

9. The process of claims i, 2, 3. or 4 wherein, during the contacting o 'the C-3 
reactant w,th the HF and the Cl„ a molar ratio of the a 3 to the C-3 reactant is * m J to 

chrom- „ 1716 Pr0Ce5S ° f ClaimS ! * * 3 ' ° r 4 *e second catalyst comprises 

chromium and a catalyst support. V 

HF in tha ' Pr0CCSS ^ Clajm 2 ' 3 ' OP 4 ^ CF 3 Cakwith 

" 1,16 PrCSMCft ° f 4 * ird ca ^< -cur, at a temperature of at least 200°C | 
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» oh ''I , J"* ^ ° f C,ai, " S ^ 3 W 4 WhCreifl ' duri ^ °<>""«4 of the C , 
prodaccwich^HF.amoJarratiooftheHFr^eC-SprcducU^^cSO-ir 

13 - ^ of cl^. 2, 3, or 4 where during the con*L g 0 f ^ 

CP 3 Ca lC F 3 with theHF, a ffi olarratic>of theHF to the CftC«ft is at leas{ Z " ** 

14. The process of elates 2, 3, or 4 wherein the third catalyst COmn ■ 
chromium and a catalyst support - * COmpnSW 

15. ™*I^ofdaim3or4wheminthe^^ 

mthepresenceofafounhcataly.to^^a^pe^reofatleastSO^C 
^ 16. The process of claims 3 or 4 wherein, during the contacL of the 
10 CF 3 cpF CTj withtheH 2 ^ - 

17 The process of claim 3 or 4 wherein the fourth cataiyst comprise . paUadium 
and a catalyst support. *^ 1UI71 

18. The process of clai m 4 wherein the water is present in ^ amoun fro m 004 
to 12 percent by weight of the CFjCCJFCFj. ' ^ 

^ CF 3 CC1P 9 CF, ^^^^^s^ 

20. A hydrogenation process comprising contacting a compound with a catalyst 
in the praence of water to fotm a hydrogenated compound, 

21- The process of claim 22 wherein the contacting further Uprises 
contacting the compound with Hz. ■ 

L i I of cw 22 w23 whereta ■ -'««»•*- - -~ - * 

25 a bo„ tl f' ^'" KeSSOfC,4UM22W2Jw, ''« i » th '»'«^r <md ,ou.0.04, O 
aboutUjieTOMbywelilnofiheeonpounj " 

PMcrac by weight of the irompooni 1 

26. i 1 « pnt!ac<cllin! a» l5 . laii , 4tcffll(!ltl . Iilii>>m 

and a cataJyst support. . 

28. The process of claims 22 or 23 w(„.~i« .u 

" or *» wherem the compound comprises CjF£!l 
and the hydrogenated compound comprises CsF 7 H. 
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• 29. a process for purifying CF 3 CFHCF, comprising distilling a mixn,~ 
comprising CF 3 CFHCF 3 , CF^CF*. and ac least one cluorofluorocarbor to fonT 
solution comprising CF 3 CFHCF 3 . 

30. The process of claim 31 wherein the at least one chJorofluorocarbon 
comprises C 3 C1F 7 . ^"roon 

31. The process of claim 32 wherein the mixture comprise a inole ratio of the 
chlorofluorocarbon to the CFjCFHCF, of from about 0.1 to about 10. 

32. The process of claim 33 wherem the mixture comprises a mole ratio of the 
chlorofluorocarbon to the CFjCFHCFj of at least about 1:2. 

33. A process for purifying chlorofluorinated compounds comprising 
providing a reaction pmdact comprising HCl, HF. and a C-3 chloioi luorinated 

compound; 

phase separating the reaction product into a gas phase comprising the HQ 8 t0p 
..quad phase comprising the HF. and a bottom liquid phase comprising 1 the C-3 
chlorofluorinated compound; and 

removing the bottom liquid phase to form a solution comprismg the' C-3 
chlorofluorinated compound. 

34. The process of claim 35 wherein the C-3 chlorofluorinated compound 
comprises C 3 F 7 C1- 

35. The process of claim 36 wherein thephase separating comprises altering the 
reaction product temperature to a temperature of from about 20'C to about 75»C. 

36. The process of claim 37 wherein the temperature is about 25°C 

37. a process for purifying reaction products comprising: 

priding a reaction product comprising Hf and at least >ne C-3 
chJorofluoriuaced compound; 

pha* seguing *c reaction proka ,„„ a top Uq „ id phua comp.trfn. HF 
and a bo Kora »,,*, ^ Mmprisi „ s fc „ k „, ^ ^ 

4 

. Physically separating me top and bottom phases to form a solution 
compnsmg the at least one C-3 chlorofluorioated compound. 

38. The process of claim 39 wherein the C-3 chlorofluorinated co mpound 
comprises a C-3 chlorofluorinated compound hav ing atIcast six nuorfne atCmS | 
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39. The process of claim 40 wherein the phase separating comprises 
reaction product temperature to a temperature of from about -30°C to about 

40. The process of claim 41 wherein the temperature is about -20°C 

41. A process for separating chlorofluorinated compounds 
providing a fust solution comprising both first and 

chlorofluorinated compounds, the.first compound having at least six fluorine 

second compound having less than six fluorine atoms; 

preparing a mixture comprising the first solution and water, 
phase separating the mixture into at least three phases; a 

comprising the first compound, an upper liquid phase comprising the water, 

iiqui d phase comprising the second compound; and 

removing the gas phase from the upper and lower liquid phases 

second solution comprising the first compound. 

42. The process of claim 43 wherein the mixture further comprises 
compound. 

43_ . The process of claims 43 or 44 wherein the basic compound 

KOH. 

44. The process of claims 43 or 44 wherein the first compound 
CsFeCk and the second compound comprises C^Ql^ 

45. The process of claims 43 or 44 wherein the first compound 
C 3 F 6 C1 2 , and the second compound comprises CjF 5 Ch the phase separating 
altering the first solution reaction temperature to a temperature of from about 25 
aSout7S°C. 

46. The process of claims 43 or 44 wherein the first compound compri 
C^Cfc and the second compound comprises C3F5CI3 the phase separating compr 
altering the first solution reaction temperature to a temperature of about S0°C. 

47. A process for purifying chlorofluorinated compounds comprising: 
providing a first mixture comprising both first and second isomers of a C- 

chlorofluormated compound, the first mixture having a first ratio of the first 
second isomer; and 

contacting the mixture with a catalyst to form a second mixture comprising 
second ratio of the first isomer to the second Isomer, wherein the first ratio is less 
second ratio. 
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48 . The process of claim 49 wherein the contacting further comprise, ; heating 
the mixture Co a temperature of from about 250°C to about 350°C. 

49. The process of claim 49 wherein wherein the contacting further c omprisas 
heating the mixture to a temperature of about 280°C 

5 50. The process of claim 49 further comprising separating at least 

the first isomer from the second mixture wherein the separating comprises disti 
second mixture to form a solution comprising the portion of the first isomer, 

51. The process of claims 49. 50, 51 or 52 wherein the C-3-chlorofmirinated 
compound comprises C^Cfe, the first isomer comprises CF 3 CCJ,CF 3 , and the second 

1 0 isomer comprises CFjCCIFCFaCl. 

52. The process of claims 49, 50, 51 or 52 wherein the C-3 chlorofluirinated 
compound^omprises QFVCl, the first isomer comprises CF 3 CClFCF 3l and the sUnd 
isomer comprises CF 3 CFjCF 2 Cl. 

53. The process of claims 49, 50, 5i or 52 wherein the catalyst composes 
15 chromium. 

54. A process for halogenating compounds comprising: 

providing a first mixture comprising both first and second isomers of a 

hydrofluorinated compound, the first mixture having a first ratio of the first isomer to the 
second isomer; and 

contacting the mixture with a halogenating agent to form a second mixturL having 
. second ratio of the first isomer to the second isomer, the fust ratio being less thaijthe 
second ratio. 

55. The process of claim 5<5 further comprising separating at least a portion of 
the first isomer from the second mixture wherein the separating comprises distilling 
second mixture to form a solution comprising the portion of the first isomer. 

56. The process of claim 56 further comprising contacting the mixture with fta 
halogenating agent in the presence of a catalyst 

57. The process of claims 56, 57 or 58 wherein the hydrofluorinated cojmpound 
comprises C^H, the first isomer comprises CF 3 CFHCF 3 , and the second isomer I 
comprises CF 3 CF 2 CFjH. 

58. The process of claims 56, 57, or 58 wherein the contacting compris^ 
heating the mixture to a temperature of from about 200°C to about 350°C. 
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59. The process of claims 56, 57, or 58 wherein the contacting comprises 
heating the mixture to a temperature of at least about 300 a C 

60. The process of claims 56, 57, or 58 wherein the haiogenating age|nt 
comprises Cl 2 . 

6L The process of claims 56 F 57, or 58 wherein the haiogenating agJnt . 
comprises Cl 2 and a molar ratio of the Cfc to the mixture is from about (U6;I to about 3:1. 

62. The process of claims 56, 57, or 58 wherein the halogenatin S age|nt 
comprises Cl 2 and a molar ratio of the Cl 2 to the mixture is at least about 2.5:1. 

63. The process of claims 57 or 58 wherein the catalyst comprises activated 



10 carbon. 
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